From the physics point of view, soil structure is a dynamic attribute that is affected by genetic conditions and anthropogenic changes and requires an integrated approach. Soil water retention curve is one of the main tools used in soil structure evaluations. The objective of this work was to evaluate the structural and chemical attributes of soils of different classes and agroecosystems in the Terra de Esperança Settlement (Governador Dix Sept Rosado, Rio Grande do Norte, Brazil) to distinguish these environments. Disturbed and undisturbed soil samples were collected in horizons of 10 soil profiles of the soil classes: Cambissolo Háplico (Haplustepts), Latossolo Vermelho-Amarelo (Eutrustox), Chernossolo Rêndzico (Calciustolls), and Neossolo Flúvico (Usticfluvents). The soil physical attributes evaluated were granulometry, soil density, total porosity, aeration porosity, macroporosity, microporosity, field capacity, permanent wilting point, available water, and water retention curve. The results were expressed in averages of four replicates per horizon (in laboratory) by multivariate analysis, which detected the most sensitive attributes for the distinction of the environments. The soil physical attributes of the different classes and its inorganic fractions, especially silt and clay, were determinant to distinguish the environments; they affected the microporosity; aeration porosity; and available water. The source material of the Chernossolo Rêndzico, which is rich in calcium and magnesium, affected its physical attributes, characterized by the predominance of the silt fraction. Clay was the determinant fraction of the Cambissolo Háplico, and Neossolo Flúvico; and the sand fraction on the surface layer, and clay fraction in the Bw horizon were determinant of the Latossolo Vermelho-Amarelo. The more expressive physical attributes were soil density, sand content, macroporosity (Latossolo Vermelho-Amarelo), microporosity, field capacity, available water, permanent wilting point, total organic carbon, mass-based moisture, volume-based moisture, clay, aeration porosity (Cambissolo Háplico, and Neossolo Flúvico), and silt (Chernossolo Rêndzico).
Introduction
The Brazilian semiarid region comprises almost 90% of the Northeast region; its climatic pattern, characterized by low rainfall and high evapotranspiration rates, is a determinant of the Caatinga biome. In general, it has underdeveloped (shallow) soils with physical restrictions for agriculture and good chemical characteristics.
The soil water retention varies in this region due to intrinsic characteristics, management, and agricultural crops used in its soils; thus, information on water retention variability is essential for the conservation of its soil, water, and plant resources, with emphasis on agricultural production.
Local studies on soil structural attributes are incipient, generating difficulties for the adoption of appropriate techniques based on the maintenance of the soil productive capacity while considering local characteristics. Thus, studies on soil hydraulic properties are necessary; the soil water retention curve is one of the main tools for these studies.
Based on the hypothesis that the soil physical attributes are affected by its position in the landscape, and agricultural uses due to genetic conditions, and anthropogenic changes, the objective of this work was to evaluate the structural and chemical attributes of soils of different classes and agroecosystems by correlating their soil water retention curve with inorganic fractions and total organic carbon to distinguishing the study environments.
Method
The study was carried out in Governador Dix Sept Rosado, in the Chapada do Apodi microregion, Rio Grande do Norte, Brazil (05°27′32.4″S, 37°31′15.6″W). According to the Köpper classification, the climate of the region is BSwh, tropical semiarid, characterized by scarce and irregular rainfall (annual average of 673.9 mm), summer rains, high evaporation, high temperatures (average temperature of 27 °C), and relative air humidity of 68.9%. The natural vegetation of the region is hyper-xerophilic Caatinga.
Ten areas were selected and georeferenced for this study, based on the local land uses and defined by soil profiles (P): Cambissolo Háplico (Haplustepts) with native forest (NF) (P1); Cambissolo Háplico in a collective area with NF (P2); Cambissolo Háplico in an agroecological area with NF (P3); Latossolo Vermelho-Amarelo (Eutrustox) with cashew (Anacardium occidentale) (P4); Chernossolo Rêndzico (Calciustolls) with pasture (P5); Cambissolo Háplico with pasture (P6); Cambissolo Háplico with NF (P7); Neossolo Flúvico (Usticfluvents) in a permanent conservation area with oiticica (Licania rigida) (P8); Cambissolo Háplico with NF (P9); and Cambissolo Háplico in a collective area with cajarana (Spondias dulcis) (P10). The soils of these areas were classified according to the Brazilian Soil Classification System (Santos et al., 2013) .
Disturbed and undisturbed soil samples were collected in the soil horizons of these areas. The disturbed soil samples were placed in plastic bags and taken to the Research Laboratory of the Federal Rural University of the Semi-Arid Region (UFERSA). They were air dried, disaggregated, and sieved in a 2 mm mesh sieve to obtain the air dried fine earth. Then, these samples were subjected to physical analyses to determine their granulometry, clay dispersed in water, clay flocculation degree, and total organic carbon content (TOC). The undisturbed soil samples were collected using an Uhland auger and rings (height of 0.05 m and diameter of 0.05 m) to analyze their soil water retention curve (macroporosity, microporosity, total porosity, aeration porosity, field capacity, permanent wilting point, and available water) and soil density (SD).
Granulometric analysis was performed through the pipette method, using air dried fine earth (20 g) and chemical dispersant (sodium hexametaphosphate) with slow mechanical agitation, using a 50 rpm Wagner shaker, for 16 hours. Clay dispersed in water was determined using air dried fine earth and distilled water slowly mechanically shaken, using a 50 rpm Wagner shaker, for 16 hours. Clay flocculation degree (FD) was calculated according to the methodology described in the manual of methods of physical analysis (Teixeira et al., 2017) , using Equation 1:
Total clay × 100
(1)
Ten undisturbed soil samples of each horizon of each soil class were used to determine their soil water retention curves, soil density, total porosity, macroporosity, and microporosity.
Soil tensions (0, 6, 10, 33, 50, 100, 200, 500 , and 1500 kPa) were used to develop soil water retention curves.
The tensions were applied in a tension table using low (0, 6, and 10 kPa), medium (33, 50, and 100 kPa), and high (200, 500, and 1500 kPa) tension chambers. The soil water retention curves were adjusted based on the van Genuchten (1980) equation, using the Soil Water Retention Curve program (SWRC 3.0 beta) (Dourado Neto et al., 2001) . The matric potential (m) was considered as an independent variable, and the volumetric moisture () as a dependent variable in Equation 2:
where,  r is the residual volumetric moisture (m );  m  is the matric potential (kPa); and , m, and n is the empirical parameters of the equation.
Soil density was determined by the volumetric ring method, calculating the ratio of dry soil mass at 105 °C to the ring total volume (Teixeira et al., 2017) .
Soil physical analyses were performed in the Soil Physics Laboratory and Plant Fertility and Nutrition Laboratory of the Soil, Water and Plant Analyses Laboratory Complex of the Agricultural Sciences Center of the UFERSA (LASAP-CCA-UFERSA), following the methodology described by Teixeira et al. (2017) .
Soil physical attributes were presented in tables and expressed by the average of four replicates per horizon of each soil class. Multivariate analysis (Principal Component Analysis) was used to identify the most sensitive attributes to distinguish the environments evaluated, using the Statistica 7 program (StatSoft, 2004) .
Results
The ) in the Chernossolo Rêndzico, whose texture was classified as silt loam (Table 1) . This result was due to its source material, consisted predominantly of limestone of the Jandaíra formation. Melo et al. (2017) ) in the Latossolo Vermelho-Amarelo, whose texture was classified from sandy loam to sandy. This result is explained by the soil genesis, occurred from arenites in intense weathering process, with predominance of quartz-mineral that is resistant weathering processes.
The Neossolo Flúvico presented high clay contents (513 to 529 g kg -1
) and its texture was classified as clayey. This is unusual for this soil class; it is explained by the position of the soil in the landscape (colluvial area) normally low-lying areas receive sediments from other sites which have lighter clay fraction that is easily deposited in alluvial areas-and by the influence of its shallow water table. This affected the clay disperse in water in the C horizon of the Neossolo Flúvico (403 g kg -1
), with influence in the silt to clay ratio and flocculation degree, mainly in the diagnostic horizons, due to the high silt and clay content ( Table 1) .
The silt to clay ratio of the Chernossolo Rêndzico stood out with 2.76 g kg -1 to 5.61 g kg -1
; this denotes a low weathering degree (Table 1) . Similar values (3.00 g kg -1 to 6.00 g kg -1 ) were found by Melo et al. (2017) , in the Chapada do Apodi. The clay flocculation degree was higher in the A horizon of the Neossolo Flúvico (46.59%), followed by the Chernossolo Rêndzico (30.29% in the Ck1, and 29.84% in the Ck2), due to its inorganic fractions (silt and clay).
In general, soil density was influenced by the source material of the studied soils (inorganic fractions); it was 1.01 g cm -³ to 1.63 g cm -³ in the Cambissolos Háplicos, which resulted in a greater microporosity and available water, followed by the Latossolo Vermelho-Amarelo (1.39 g cm -³ to 1.54 g cm -³), which had less water available due to the predominance of sand (Table 1 ).
The subsurface horizons of the Chernossolo Rêndzico had predominance of micropores and available water due to the high silt and clay, and low sand fraction. Mota et al. (2008 Mota et al. ( , 2013 found similar results in a Cambissolo (1.6 g cm -³) and a Latossolo Vermelho-Amarelo (1.4 to 1.7 g cm -³) in the Chapada do Apodi.
These diagnostic horizons presented expressive soil aeration porosity with increasing inorganic silt and clay contents, the same trend was found for the attributes total porosity, microporosity, field capacity, and available water (Table 2 ). According to the soil moisture as a function of its aeration porosity, the available water increased with increasing micropores. This denotes the interrelations between the original variables and the principal components, and the contribution of each variable as a function of each factor studied.
Significant correlations were found for soil density as a function of total porosity, microporosity, and aeration porosity, which denotes the complexity and dynamics of the soil structure (Table 2) . Rêndzico (P5) ( Figures 2A and 2B) ; presence of calcium carbonate concretions is common in this soil class, especially in lower portions of the B or C horizons. The clay fraction was correlated to the variables total porosity, microporosity, aeration porosity, permanent wilting point, and clay content (Table 1) , thus, this is a factor connected to inorganic fractions that were determinant to the distinctions of the environments.
The use of unit circles allows its overlapping to the first factorial plane, making possible to visually identify the connection between variables. The variables microporosity and aeration porosity were overlapped, and sand content, U and θ were overlapped, therefore, they have the same representativeness (Figures 2A and 2B) .
The spacing between points shows the differentiation of the environments, denoting the distinction between horizons and indicating that the horizons of a same soil class have significant differences. The distribution of the clouds of variables and points of the Cambissolos Háplicos varied due to variation in their inorganic clay and sand fractions because of factors and processes of soil formation (limestone). The Latossolo Vermelho-Amarelo showed a correlation with soil density due to an intense weathering process in its formation that resulted in a good drainage and leaching of the exchangeable bases and, consequently, predominance of iron and aluminum oxides. Table 3 shows the saturation water content (θs) and residual water content (θr), which express the maximum and minimum values of the soil water retention curve in the soil, respectively, obtained at the highest tension.
The soil water curve of P1 (Cambissolo Háplico) showed saturation moisture of 0.45 to 0.60 cm 3 cm -3 , with maximum of 0.60 cm -3 cm -3 in its A horizon. Its residual water content was 0.20 to 0.23 cm -3 cm -3
, with minimum of 0.20 cm -3 cm -3 in its C horizon (Table 5 ). This great retention is explained by the high fine sand content in its A horizon (124 g kg -1 ) ( Table 1) . Similar results were found by Fidalski et al. (2013) , who evaluated sandy soils and found higher soil water retention in horizons that had predominance of the fine sand fraction. The higher microporosity (53.03%), and total porosity (56.79%) of the A horizon (Table 3 ) may also explain these results, since the particle structural arrangement and pore distribution affect the available water, especially smaller diameter pores (Kiehl, 1979) .
The results of the parameters of the soil water retention curve were described considering the soil classesCambissolos Háplicos (P1, P2 P3, P6, P7, P9 and P10), Latossolo Vermelho-Amarelo (P4), Chernossolo Rêndzico (P5), and Neossolo Flúvico (P8).
The residual water content (θr), saturation water content (θs), permanent wilting point (PWP), and available water (AW) of the Cambissolos Háplicos were similar and influenced the soil water curves (Table 3 and Figure  3 ). jas.ccsenet. soil; α, n and ble water. The soil w Háplicos ( content (T the landsc this soil cl forces will Table 6 . Settlement 
